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(54) Material used for ImmobtttzaUon of MologlcaHy active substances and method f or 
immobilization of sakt substance using said material 

(57) Trw presem invention provides: 

a material used for imrnopilizaikin of tragically 
acpve substance, wtifcn corrprisesarnajBr^andflcar- 
bodiimide grct4p~con*aining polymer compound s^>- 
poned inereon, and 

a method for onrnobiltzatjon of biologically active 
substance, which comprises contacting a bttogicaHy 
active sgpemnoe reactive watt cartxxliiniiae groi^ with 
a material u&ed lor irnrnobilizadon of said sUHtance, 
cxxnpriGinQ a material and a cartMCfiiroide grptp-comaih- 
ing polymer compound supported thereon. 

Said materia! is free from ttw pcobtems of the prior 
an. can immobilize an active substance ea&ty. and is 
easy to rondte. 
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Description 

Background of the invention 

s i. Field of the Invention 

Ttepresemirwerflonr^ 
method lor ttfTKbilizatign of said substance using safe material. 

io 2- Description of ihe Prior Art 

A Drotogipaly acnw suDsianw 
nucleic acid, o&gopeptkte, oligonucleotide or the »<e. immctofeed on an insoluble maierial is useful because to 
Djfealfonenat^irteeas^ 

is utilization of immobilowJ enzyme in the field of ttocnemefry or science, Ihe irrwnujiotogical uiization of irnrnobi lized 
antibody or antigen, and the utilization of immobttzed nucleic ado as diagnostic dw 

|n this cwmeciion, various methods lor tfnmobilizgtion of active substance were reported. Por irnrnobfcartjon of, for 
example, enzyme, mere are methods such as the fallowings. 

so p) A method fr*imrnohtf^ 

cation ago* or the torn, far example, a cfezo method, a peptide menhod. an alxytHtion merfiod. a method using* 
croseiinting agent and a method using an Ugi reaction [frnmefcifced Enzyme, pp. *4l (1986), edited by k*iro 
Chtwna and puttishad from rtodarterta SciwitiHc]. 

fflArr*thcdforimmcbizir«^ (Irnmohitod Ehzyine, pp.41 h13). 

25 (3) A mefhod for inwobizinfi an enzyme on a material lay physical adsorption (imrrtfbifeed Enzyme, pp. 43-45). 

For imrrobilization of nucieic acid, there are methods such as the following*. 

p) AmetftdforimOTt*^ ^up^ontaining nucleic acid on a material by chemical tending, for 

x examjie, a method for rx>r*Gng a nucleic acid having a thiol group at me 5* terminal, to a thiol group-ooataining 
beacrtfce material by disuffide tending [RJ-R. Pay. RSw Flora. J.E. h», M.R. Walker, Bmchem. J.. Vol pp. 735 
740 (1991)}. Other methods falling in mis method (1) are described in, tor example. Soren R.R.. Metre R-U, Svend 
E.H-. Anal BtDChem., VcA- 198. pp. 13B-14S (1991): Jonathan H K r Joseph UW„ Joseph P.O., Rachel E.M.. Mary 
C. Eugene LB- Nucieic Acids Res., Vol. 15. pp. 2891 -2909 (1 987); Aftan J.M-, Jeffrey R.a. Terence W-P-. Bfochem 
as J., Vol 191, pp£76-279 (1990); and J.A, Running, M.S. Urecta, BiotechniQues, Vol- 8, pp. 27&S79 (1990). 

(23 a method for kwubSzing a nudeic acid on a malarial by phystcaJ adsorption, for example, a method for immo - 
ktfztng a nucleic aod on a nitrocellulose or nylon film by physical adsorption using ultraviolet ray* or a heel (J. 
Samara*. E-F. Fritsh. T. Maniatis, Molecular Cloning, Cold Spring Harbor Uaooratory Press, Second Edition, pp. 
2.1D9^.1l3ajidpp.9.36-a4Qajtf ame 
4V jaUN- Parry, AJXR Malcolm. Bfochem Sec Trans., Vol. 17. pp 230-231 (19»9)J- 

ft is pointed out that the above mnvemionaJ methods have problems. For example, in me methods by chemical 
bonding, special reagents are necessary and some of mem (e.g. azide. isocyanate and NaBH^CN) are poisonous- 
Moraovar. the proceed of imrriobUizanon is wifeied as fallows. For example, when immccifeaalan * conducted 
4s via peptide bond, « is necessary to inForAjce an amino group into dlher one of the active substance and IhB matenaJ 
and a carboxyf group inpo the other and these im> Km* of groups introduced must be reacted with each omer for 
immobization by the use of a corKtenstfmageni. 

Afco in ihe rnetbods* oy chemicai bonding, the material used must have a functional group (for example, whan glu- 
tarajdehyde is used as a crosslinKjng agent, the rnatarial and the active suoetanco each must have an amino group), 
so and a material allowing for ^mobfcawn must be selected carefully. Further, a substance having no active group & 
irnposE&e to immobilize on a material. For example, a substance (e*g. a natural DMA. or a synthetic DMA having no 
rnocwication group) having only a functional group of low reactivity (&g. terminal phosphoric acid group or lerminel 
hydroxy} group) is difficult to irr?T»opaize by tr» method 

Meanwbae in the rriethofc by p^ 
55 irrirnobifceavar^ 

(3) when the active sufcsta^hrc^ 
thewJsofpticiidlfficu^ 

the aoSorpoon density and me bondng strength are high but the film has no sufficient strength and is brofcen easily, 
requiring thorough care in handling. 
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Summav oftne twentkxi 

Th« objects of the present invent 
free from the problems of the prior art, which can immobilize an active substance easfty and which is easy to hancfls, 
J aridameihctifwjrmTirj&^^ 

According to the present invention, two is provided a material used tor immopnizmkxi cfb^ogk^Qy active sub- 
stance, wbfch comprises a material and a caftxxliinmta grm^w^maimnfl polymer compound smarted thereon. 

Accordir^mmapre^fnvefnjoa mm 
which comprises contacting a froogicoiry active Substance reacave witn csroodnmide group, with a material used for 
?p irnrnobiNzabon of sati substance, comprising a material and a carbodnrntde group-con&iinjng polymer compound sup- 
ported thereon. 

Low-moiecutar weight cartKXJomide derivatives such a? cScyclc^axylGwtxadiimiafi. tiiHtfuoyicaiboxliimide and the 
tite have been used widely as a hydration and condensation agent in The synthesis of aster, peptide or the ika. Tnese 
caibcrfmift derivatives eacn reaction fertTutas, 

75 and each adduct gives rise to a condensation reaction wfth an alcohol, an amine, a cartmyfic acid Or the NKfi while 
OttiaiinQ an urea derivative, id form e qonesponding ester, amide or add anhydride, tt was therefore considered to use 
such Ka*-rnalec*4ar weight can^odumidB derwatives for imrrtonilzmion of active substance, 

R'COaH* RN=C=NR-> nMC{ssO)OC(NHR)**NR 

20 

B<^-0)OC(NHR)-N« + 

R"OH -> FVC{^0)Ofr + RNHCONHR 

as FTNHz -> rTC(=CI}NHfr r RNHCONHR 

FTOOaH R , C(-0)0C(-O}R- + RNHCONHR 

These tow-fnoleoular weigh; caitxxli imide derivatives were developed tor use as a condensation agent and are 
« soluble in solvents. They are easily eliminated when supported on a material and their use in a supported form is not 
practical. Hence, the present inventors focused on a rsoji-rnaiecular weight cartwc&rride compound having camodprnide 
groups in the motecuie and made a study on this compound. As a result tne present inventors found out that such a 
carbodHnride ccfnpouna has not only a reactivity with active substance bur also good adhesivtty to various materials. 
The finding has led to the compieoon of tne present invention. 

3S 

Detailed Description of the Invention 

The present invention is hereinafter described in detail. 

The material used in the present invention acts as a carrier |or irrunooiiizing an active siiraancemereoa Ba&caty 
40 it is income in water or solvere Preferable examples thereof 

are a plastic, a glass, a metal, an inorganic porymer, a natural porymer and a ceramic 
Specific examples of the material are as follows 

Ptas&c: pofyethyfene, polystyrene, poJycarbonate. polypropylene, polyamide. pjienofc; resia epoxy resm, porycar- 
boddmide resin, polyvinyl chloride, polyvviylfdene fluoride, polyethylene fluoride, ocrfytntide, acrylic resin or the tike, 
45 tnorgankjpotyrnen glass, carbon, s^cagei. graphite or the liKe. 

Metal: gold* platinum, silver, copper, iron, aluminum, magnet, paramagnet. apatite or the iiKe, which are all solid at 
normal temperature. 

Natural porymer: eel ufese. ce&ulose derivative, chinn, chhosan, aJginic acid or the like. 

Ceramic: alumina, saica, stoon carhiaeL silicon nitride, boron carbide or the IiKe. 
so The snape of me material includes, for example, a turn, a board, particles and molded materials such as heads, 
stnpt rnftfwefl ptate, well ot muftiwefi plate, una of separable rrufewefl state, stnpweu of multiweil plate, tube, mesh, 
foamed plastic, memprane. paper, needte, fiber, plate, slide, cell incubator and the lite. Needtossto say. the size of the 
material has no particular restriction. 

The carbooSrniaa group-containing potyrro* corrpound (hereinafter referred to simply as ^artadernide cornpow*r. 
55 in some cases} usedintnepre&eminYerTii^ 

for example, by a process disclosed in Japaiiese l^w Application 6t599/t97e, a process by 

M- Atoerino et al. described in J. App). Pofyra Sd„ Vol. 21 . p, 190 (1990) or a process diseased in Japanese Patent 
Appfrca^Kbiiai (UioMJpen) 

cyanafe Kxnpound in tne presence of a carctfysr which promotes the can^iimicfaation of said rsocyanate 
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Theofgaircpcjyisc^ 

manure of 2,4-torytene desocyanate and 2,Wo|ylene cfeocyanate. crude torylene dfleocyanate, crude methylene dipbe- 
nyl ulisocyanata, 4>\4^-triph«iyln«ir>ytw trSsocyanate, xylene cttsocyanaw, nocanwihylene-i t W&sc<yanate. lysine* 
cS&ocyanafe rv*roger»fpfl methylene phenyl oseocyanaie. nvphenyt tfis«*pn*ae. naj>hmylene-i ,5-c*igocyanBt». 
s 4,4'H)^enylene cfosocyanme. c^pheriytmaihari^ 3 r 3 r -cfimeinQX^^>D(phenyl cfcsocyanate> 3,3"- 

dmemyWphenyiro^^ isapnorone drrsocyanate and rrixtures thereof. 

Die abowneneoned porycaroodlimfoee may be those produced with the mriecuter weight being controflad, fa 
example, by terminating ihe potyconcfensaSon at a certain stage by me use of at toast one monoisocyonara Such » 
menoiSQCyanaire used for terminal btocfoo, of po)ycartxxlemida far te molecular w e i ght control includes, far e*anyfe 
to pheTiylisocyanirte,o-.n^orp^ 

Ag i& easily inferred, there may be used, far terminal btocjong of ptfycartctfimkfe, a derivative of an fcocyanaie- 
terrnirvuad compound wnich oan easiy be produced by me reaction between about 1 mole of a compound having, ttf 
the temensl, -OH, -f#** -COOH. -SH or -NHnlHyl end 2 moles of en erarnaec oTjsocyanate- 

The catalyst which promotes the camc^iimidization of the organic paty^ocyanate. includes various compounds 
Preferable of them ere li)henyH2i)hc^holeneOK»Qa^ 3-fnethyMiar)arryl-2-pn^^ T-ethyl-2-pho6p- 
hrilene-l^uote art 3^0^ 

Production of the above-mentioned rxtfycsiboctiirnides is conefpeted using no eotvertt or in a non-reactive organ*: 
BoJvem. In me preeent invention, the thus-produced p<>lycartx>c£mioes of varn*sh term or solid form (powder) can bo 
used singly or in combination of two or more, as en example of tfte cart»d*mioe compound of the present invention 
so These ptaiycarhorJirnidefirn^ 

In tne preeem invention, tnerec^ camotfirnwe cornpouncs oTnerirwitnoee rnenaoneq eoove. sue? i 

as carbocfmide compounds having a pofyGxyethyten© chain in tho molecule end consequently having nydrophilioty. 
described in Japanese Patent Application Kbkaj QafrOpen) nob. i727isn9sa and 2E412&/19BB. 
The cejno4imite compel us^ 
& regardless of me type of the compound. When me number of rarbodwnide groups is less man 2, us. i , me oaitaao&midtf 
oompognd fa deficient in immctMlizatiofi of bicJogjcejly active substance. Wren the number of cartoowmiae groups i& 
moretnan 100. the cart^iimfciecompccindhas noproblem in immotxfeat»ilrty out, in some coses, hastno togn a viscosity 
or cannot be made into a solution, significantly reducing the hanoieebiijty in loading it on me material. 

The caitxrflrnide compound used in trie present invention has a molecular weight of 7.000 or more, preferably 
30 1.000-100.000. 

Some of ihe above-mentioned pc*ycartxx5mides produced from an organic pdyisocyanate compound m the pres- 
ence of a catalyst which promotes of caroodiimiqization of said i&ocyanate, nave a molecular weignt lower man i .ooo. 
Such potycartxdiimides can he subjected to molecular weight control so as to have a molecular weight Wing in the 
above range, by inrjtxiucina into me both ercte tfpcfywlxdiimtc^ arx 
as a polyamide or Ine IrKe vis a urea bond or a urethane bond- 
As mentioned above* the camodiimjde groups in ihe carbodiimide compound have high reactivity and react wrtn 
eub6tansaiyafllhe active hydrogen possessed by atcobott. amines, Thiols, phenols, caiboxylic ados. etc. The 
reaction wrtn. tor example, alcohol or amine proceeds as faftpw&. (The reaction with carboxyfc acd was shown previ - 
ou&Jy). 

40 

CaHfiOH + C^-N-C^N-CeHs -> C e H^NHC(-^HV15><Xyi5 

RTJHjh- RN-C-NR -> RNHC(«NR , )NHR 

& [Frederick Kurzer, rC Douraght-Zeden, Chernical Reviews. Vct£7, pp. 1 17-135 (1967) and Andrew W%am&> Ibrahim T. 
Rxehim. CrtemJcai Reviews, Vol. 81 , pp. 599-606 (19811] In the present invention, such reactions allow tor irnmob&ation 
of active substance. 

The material of me present invention used for immobiliwion of active substance comprises me abwe-merrooned 
material and me efeove-wertionBd caftpc&rr*fe cornpound supported mereoa The cafDodiimrde compound is sup- 
so ported on the mas&nal by utiteng the fugh ac^eswtty of the former to the tatter. Herein, "supported* means thai ihd 
c^ip<xiurnid« oDrr^xjund is not elinir^axed from the rnaierial in waier or other eolventB. 

Th^ caitmOmloe cpmpe^ 
purpose of tne resulting material. Thetcmtcrtmecan^odemic^ 

The$upponingo|theceit}C£inrn^ 
& immersion, brushing, stamping, wapor dapoortion, coating wfm a ftm coaxer. or the fike. 

The mus-obtained material of me present invention used for trnrnctffeation of active substance can imrnobiiza 
vwicusactrasucstaTicTC Example of 

tne active substances are bepotymers such as proteins, nudeic acids and tie liKa Specifip examples of the active 
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substances are enzymes, hormones, arttoocfc*. antigen* napTenes. peptides, synhofc pepwJes, DMAs* synthetic 
DNAfi. RNAs and synthetic RNAfi, 

tmmofiteitioncffw 
is prater^ cand*jctedi^^^ 
5 ispraleratfycondiftedatatempe^^ 

An ac^ substance ie immc^nzed m 
the material even by the weeding method (usir)g a surfactant widely used in me field of imrTTunoassay: Therefore, an 
active stfisenceimmobJu^ 

feed enzyme in ihe field of biochemistry or science, me imrmnoiPOicdl utilization of immcofczed amfcody or anfrjen. 
to dndmeuqlizaiiionof \rmt^a£0nx^acxi^^gn0W^u^ 
lndden»lr*themecri^^ 
the immoW»^c>n is presume 

in Frederick Kurznr. K Douraghi-Zadah. CnemicaJ Renews. Vol- 67. pp. 117-135 (1967). 
The presem invention ^ hranaher d^^ 

1 1 7.9 g of 4,4Hticyi4ohe^imflihene rfisocyanate and 12.5 9 ofcydohexyj i&ocyanata waro reacted in the presence 
of i ,3 g of a carbotSmcizgtion catdyst (frrnethyM^er^2i>hoe^^ in a nitrogen atmpspriere m 180-C 

so fc*4d^a>ot7|ainacartx^ 

*t*cn »a& powdery ar room temperature. 10 flof iho potyearboc&irnde compound was olsperead and <5woh**l ml 00 
ml of methanol to obtain a cefbadiimide compound solution 1 . 

i9,9gofisophoronec56ocyanateB^ 
diimk£2arion catalyst p-roethyt- 1 ■pnertyi-2-pno^hoiene-l -c«de) in a nitrogen atmosphere at 1 eo*C tor 3 c^ys to c&um 
a carhc^ffnic^ COTpoi^ (pot^ 

at room temperature, log of the polycartxx£mide compound was dissolved in 100 ml of ajchrolomemane to obtain a 
so carpodiimide compound solution 2, 

7S.4 g of a 80 20 mixture of 2 f Xylene diisocyanate and 2 ,&~tory»ene dU&ocyanaie and 1 1 .9 9 of pherryftsocyanate 
3s wereresi^inthepiesenceof 0-9gof awmod^^ 

g ottetrachloroethyJene in a nitrogen atmosphere *t 7S°C for 24 hours to obtain a cartxxJomide compound sotunonS 
(polymerization degree of polymer = 1 0, number-average molecular *eight of polymer - 1 ,500). 

Production ^ raflygjimrtB mmnnund ftfl utei* 

40 

n 2.6 g of 4 f 4*«dtpnwyim«hane diisocyanate and 1 1 9 g of phenyl i&ocyanete were reacted in the presence or l .2 
g of a cartocdimicfcstai catalyst {frmemyM i^enylprKwphoiene-i -oxide) m 922.7 g of teeahyaroturan In a rwogen 
atnwsphetemTSXforiShouTstootj^ 10- 
number-average molecular weigh* of polymer = 2,300). 

P^ffiffrfl P f ^p^feTbqa compound sotunon S 

700 g of nrhTerrarnetnyUylylene diisocyanate was reacted wfm 14 g of a camodiirrkfcation catalyst p-meihyi-'*- 
r3henyiphci^)rx)lene-l'Ox^) 

so erlvlxylyienecanxcftimide (polymerization oegree ~ 3). 74-6 g of the cfuboolimide was reacted with 63 6 g of a 
po^oxyeeryierie) fnonwnetr^ 
was slowly e£aed9Dgofol&tl}edw(W^ 
weight of polymer = l .400). 

25 prpoucaon of carpc^trnKfe oammpxi mm\ ft 

162 g of 4 > 4^pnenytmethane dasocyanaie was reacted with 0.33g of a caiixd^'flizirtion catalyst (3-metftfH- 
phenytphofipholene-i -oxide) in 886 g of tetrahydrofuran m a nitrogen atmosphere under raflipang fer 7 nours, to obtain 
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acartxxj*mittet»rr^ nurrtwr-ovBrag© molocular weight of pol- 

ymer - 13,000, polymer concentration = 1S% by weight). 

p^trrinn of cnitvyfirwte ttxnoound sokifon 7 

700 g of rfHstramettrybcylyiene cSsocyanate was reacted with 14 g of a c^rtoJllrrjdiz^ catalyst (3-rru3thyKi - 
pneny|)haapho|Bne-i *wiae) in a rwrogen atmosphere at 180«>C for 18 how to obtain an isa^BngtMerirtnatetl wwn- 
9r hytxytylerac»it)0C^ (pdynwfeatton degree- 4). 50.2 g ot to© csrtxxJTinwle was reacted w&h S\9 g of 2-dimem- 
ytarTjnoeihanot at 80*C lor 24 nours. The reaction product was reecjed wtfn 18.6 9 of methyl p-totoBnacurtonste tor i 
70 nouf- Thereto was slowly added 699-3 g of o>SDlled water, to op?ajnacarix>dHmide oompouxlsalufign 7 (number-average 
owlecular *ej^ c# ptHymer = 1,600, pcH 

PrOTT^"" "* "Mfaodiimide oofTCttund cokmon S 

/5 20gofieophoronec*i*ocyaro^ 

pho|6ne*i -oxide) in a nnrogen atmosphere at 180*C lor 1a hours to obtain an isoj^fanatewrweted isoprtotonocarpo- 
aHmirJe (polyrnerizBtion degree » 4). 7^6 g of the c&rDodimlde woe reacted wtth 2j04 g of ^rnethyfcwriirip-fi- 
pccpytonineaiBO^IoM hour. Tl>er^^ 

Thereto was slowly added ISO g of distilled water, id obtain a oadaofcmide compound solution a (nurrtoewerage 
20 Secular weiP/rt of potytrier = 1,400, p 

prp^i.nrinn rf carfaodiimidw cftmoound Sflhltion 9 

1 17:9 g of 4.4 ^icyc^crfwyirnethwie difcoeyaneie was reacted win 1 .2 g of a camaJiwidSsEation catalyst (3-memyl- 
zs vpheriyh2i5rK>spritfeT^^ in a nitrogen atmosphere at 180*C tor a hours to obtain an isc«yanate-terminaieJ 
£cyrM>ex)icarooc|i^ 

a poMaxyetryfene) monometiyl ether having a pcrfymerization degree of about 6 at 100°C tor 48 hours. Thereto was 

ska^axUed 134 g of distifled water, ^ 

of polymer * 1 ,300, polymer concentration - 10% fry weight)- 

30 

15 g ot 44'-o5prtenyirTieth3ne dR&ocyenate was reacted with 0,1 g of a cartx*dfiTniaization catalyst C3-methylo-pr>e- 
nyl-2-pnoepnolene-'i-oxiOje) in 145 g of teirahycfroluran in a nitrogen atmosphere at 7S°C tor 8 hows to attain an isocy- 
*s aratfHf*minaTed tfphenytrnethajiecar^ QxHymerizaaon degree -5). The cartootf mid* eoMion was reacted 
wijh 9.44 g of a potytoxyahytene) monamelhyl ether hawing a potymerizattan degree of aoout 10 at 75*C tor 4* hours 
to ohtain a caroodiimide compound sofuUon 10 (number^aage moJ&cuter weight of porymer = 2,100. potymor con- 
centration = 10%by wetgra). 

40 prflffl^nn of eaifaodiimide compound SOhJtiOTT 1 1 

l S-9 g of a 8020 mixture of 2A*o(ytene dusocyanete and 2,frtoiytene ofeocyenate was reacted with o, i g of a 
cartxrfimidEStKXi 

m 75^ tor S twurs to obtein an iscje^anate^ 
«> iniidesolutionwasreectadwimi^ 

compound solution n (numoer^verage motecuter weight of polymer = 1 ,000, polymer pgrK*Jntrat»on = 10% by wefgmj 

PrfrTlnflttgr *f ^rhnrliimide aompouna sotutfan 12 

so 24g of 4 r 4'^henylTT>ethan6 dfcoeyanaie was reacted with 20 g of a potyetnyi enegywl having an average molec- 
ular weight ot 400, in 440 g of tetrahydrofuran Thereto was added 0.2 g of a camodnrrwfeation catalyst (3-metnyl-i- 
prteny^twspfwlene-l -o^). arx^ 

to obtain a cartxxilmide compound solution 12 (numper-average molecular weigm ot porymer = 5,300, polymer con- 
centration » 10% oy weigm). 

52 4 got ^^K&cyoohaxytmethane ctesocyanato was reacted with S£ g of l ,4K*orninobutane in 620 g of tetrahy- 
drofuran. Thereto was added 0.5 g of a caroocfiimidfeaaon catalyst (S^eihyMisheTiyfcrK^^ and the 
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nwveiirostf^ectedtoareae^ 

soJubon 13 (number-average molecular weight ot polymer ~ 3.700. poryrner atrtternrason * lDttoy weight). 

(1) immobDizaiion of ONA oligomer on micioplaie 

£9 bases were selectively taKen out from tne rnuttHSoiwig site in me lac* Z sone of phage vector Mi3mpl a. From 
thebaseswast^nmesizeaaDNAr^ 
7ff PNA/BNA Synmeszer, e product of M&-UFORE Co). Into the 5" terminal oithesynthew^DNA^ime^ated t>k*- 
nyfeted phospnonw?**te (a product of MiLUPORE Co.) in order to setecevely bond thereto a slreptawSn^JKaimeprios- 
phmaeeconjugaie protein. InckJejiiae^ bkJW prwspr^ 

Base sequence i 

75 

5* &GA GGA TCC CCQ GCtl" ACC QaQ CTC QAA TTC 3' 

01 ml of me caitx)aamid6 compouna Nation 1 was placed in each of the five welts of a 96-wall pory^ayTene- 
rt^fri^opteteandincufjaja^ 
at 6Q*C for 30 minuses. 0.1 mlotabiolirHaoeled DNAo^ 
so tne aoow base sequence i) was ptacedoxtee^ 

above maopiaqe, end DMA imm^liaawoa wee conducted at 37^ tor 2 hours. Then, each weM waft trwoughty «mefted 
wim0£ ml of sterile *aterftotf mlcroptete was 

storea In a cold dark place in adrymnioephere. 

2S (2) Detection 

in order to suppress (or btocJd me non-specific adsorption of strepiavtfn-alkaline phosphatase conjugate on micro- 
plate wefts, 0.2 ml of a 3% BSA solution [3% bovine serum albumin (BSAyo.2 M NaCW.l M TrisHCl, O.OS%Triloo X- 
iQQ]wasp»ceamtheDMA-irK^ 

so solution was removed by suction; then, 0.1 ml of a &{repiavk£n-aJkaine phosphatase conpgaee solution {125 pg/ml 
sireptaviavHilKakne phosphatase conjugate (a product of CLOMTECH Ca)/0-2M Trie HO. 0,05% Triian X lOOj was 
added, to&owea by incubation m room temperature lor 30 minuses. Th ereaher, wash ing wae conducted whn 0 .3 ml of a 
washing solution i (0-2 M NaGWM M Tris HCI, 0.05% Triton X-i DP} three times (10 minutes Bach time) and wish 0-3 ml 
of & washing sotution 2 (0.1 M Nad/0, l M Tris Hd. pH 9-5/50 ml MqCI^ onetime- Next, there wesaooed 0.1 ml of a 

*s substrate sotution (1 mg p^ophenytpnoophare cfisodium sett r^nydrate/0.1 M NaCbO.i M Tris HQ. pH &.5/5U ml 
MgCI^ to develop a cotar at room tempenmire tor 2 hours. Then, me ahsomance of the solution in each wefl was 
measured by me use of a Bpeorophotomeier. The results are shown in Table i . 

(1) immob^zatjon ot ^eptaviOm-atKaiine pno^hstase ponjugate on iwcroptate 

o.i ml M me c^t^Mde compounds^ 
rr^otsptaie a«l inajbe^ 

O.i mtofa seepiaviQln-alrallne pnosphatase conjugate solution pzs pg/mt sirepfevidin-afealine phosphates© <;on- 
45 jugate (a product of CLONTECH Ca)«.2M Tris HQ, 0,05% Triton X-iOOJ. followed by incubation at 37*C for 30 
minutes, 
{2} Detection 

Weeh^wascorrtuctOdwffl HCLMS* Triton X-i 00) 

tnrae times (l 0 minutes each lime) and with 03 ml of a washing solution 2 (0-1 M NaCVO. 1 MlhsHCtpH 9-5/50 
so rrt MgQz) one time. Next, there was added 0.1 m of a substrate solution 0 mg p^iJtrcpheriyimosphe^ 

^ riexanyaVme/Q-1 M NaCwO.i M Tris hCl, pH ».5/50 ml MgQ^ lodevelop a color .Broom temperature 2 hours. 
Tne e^emof ooioroe^opmemineaonweH 

well was measured oy the use of a epectropbewmeter. The results are shown in Tame 1. 

SS FtanyOp 3 

AtestwesaanduOtedinttesamemwiiw 
rr^rrwaptatecoroainir^ 
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ItontoBafce^CcnpajiyUfW^ 
are stown in Table i. 

Example 4 

5 

A test was conducted in the seme manner as in example 2 except that the material was change) V ft* »me 
ptftystyrene-maoe mteroptate as used in Example 3 and there were used the c^rtxxJSnkJecornpound solutions 5,7.8 
and a. The results are shown in Table l . 

iq Example 5 

Into a micropiate cornea with the cajtjodiirnide oonpound soiuwn i . obtained in the same manner as in Exampte 
1 waspoi*ed0.2rn]ofa6oJiii»nco^ 

by dtoting said acth peptic ofiQoroer wrti o.Oi M HEPES (oh 7.0). After si ioht in&T&afcin, Vie solution was cfiscaiaea 

?5 andmeawrapiaiesurlmm 

oligomer This procedure was repeated three limes. 02 ml of a blocking solution (0.O1 M HEPES containing, 10% or 
BSA. pH 7.0) was poured into each well to give rise Id a reaction at 37*0 tor 30 minutes. Trie solution in each welt was 
c&catded, and &a ml of 001 M HEPES (pH 7-0} was poured toto each well lor wastwo,- This procedure was repeated 
three times, unto each well was poured 0-1 ml of a sokirion obtained by dftuting arrfrACTH-moufie-IgG (a solution or 

so imo/rri of said substance in 50%glycerose. a product of CYM&US Boscisnce limited) 100-toW with 001 M HEPES 
(pH 7-0), to give riee to a reaction at roam ternpOfaturator 30 minutes. 7T*e solution was Onesided, and 0.2 ml of O.Oi 
M HEPES <pH7*D) was poured into each well tor washing. This proceoXire was repeated Ihree times. Into each well was 
poured 0.01 ml of a solution obtained by cStotinfi afcakne phosphatase leoeied anti-rrx>^ttr>o^igG (a solution or 
1 mrym! of said substance in sra i r QQ0^WJ with 0.01 M HEPES 

26 (pH 7.0), to fllve rise to a reaction arr 

M HEPES (pH 7,0) was poured into each well for washing- This procedure was repeated three times. Into each wen was 
poured 0.01 ml of a substrate solution [50 mM borate buffer {pH 10.0). 5 mM MgCl* 5 mM p^itroprwnytpTto£pha^ 
disodium sa*]. to gjva rise to a reaction at 30*0 tor l hour. 05 ml of a 0.1 N aqueous soc&urnhydreocide sokoion was 
added to terminate the reaction. The solution in each well was measured tor absorbance at 405 nm by me use of a 

so spectrophotometer. The above test was conducted lor five wees . The results are shown in Table i - 

Example 6 

5 g of polystyrene beads (a ptfy(&tyrene-2%. di vinyl benzene). 200-400 mesh] were versed tor 30 minutes in 100 
$5 rrtofasGtutKWcoiajn^ 

and then dried at 60*C for 3 hours to obtain cartxx&nide conpounct-coatod beads, i g of the car&odiimide conpound- 
coaled beads and l 9 of the non-coated beads {Wejtl$ wot each immersed in 

(lmg/iOrnl)scfutiunasu$edinE*arT^ Then, the beads were ooiieaed by titration wnh a glass 

fi&er, washed with 500 rrt of oM 
w was subjected to the same bkx*ing. sireptavidin-aJlai^pho^ 
1 . and eo^ed to 3 rnl of a n^fite solulim. Two h^ 
the use of a spectrophotometer. The results are shown in Table l. 

Emmplfl 7 

1 9 of the &an^ caxttoo^kto c<Knpourid-c^ 
(HanK) as used in Example 6 were eacn immersed in 3 ml of the same strepiavidirvaKaline phosphatase conjugate 
solution as used in Example ^.alroomterrperaturetor^hours- Then, the beads wen? collected by filtration with a glass 
f&er, washed wnh&orni of distied 
sq immobenred beads. Each of the beads was subjected to the same washing as in Example 2 and added id S ml of a 
siA&iraiesotutkxiTwortoursi^ 
tometer. The results are shown in Table i. 

Example 8 

55 

(1) inwriobRization of DNA oligomer on PET film 
A p^lyairTyieM teraphtiaw 

was coated with 0.5 mi of the carbooiimHe compound solution 1 , 2, 3, 4, 6, 1Q. 1 1 . 1 2 or l 3 by the use of a spin 
coster and dried at 80~C tor 90 mmutes id obtain camoaSmcle con^ound-coated PFT pieces. Each carbodiimide 
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coiT^ound-coaied PCTpiet»aridanorh«>BtadPCTQje« ml 
of a bfotin-iaoel&d DNA oligomer solution (ari aqueoLis solution containing 100 pmoVrnl of the Pase sequence 1), 
Wtowed oy knmoWlzatiQn at room temperature for ID minutes. 
(2j Possesion 
5 Detection was cwtotftytne use 

ance with the detection protocol as fotowa. 

(a) Blocttng 

ADNA-imrnooilKed PFTptecewaspiacedmariytirtfiz^^ 
w solution, followed Dy incubation at 37*0 for 30 minute 

(b) Bondfog of streptavicfin^aHdline phosphatase conjugate 

The BSAso+ution was removed by suction. Then, 1 ml of a strepe^in-afcajine phosphatase conjugate 
solution was added, fallowed by irttjoanon at room jemperature for 30 minutes, 
(q) washing 

75 VfttBrtrigwe*COTdiictedw^ (Q.2MNaCWM M Trie HQ, COS* Triton X- 

100) three tiroes (10 minutes each tonne), 
(d) Buffer exchange 

Warning was conducied with 2 mi of a washing solution 2 (0.1 M NaCuO.l M Tris HCI, pH 9.5/50 ml 
MgCb) one lime. 
so {•) Color development 

There were added 1 ml at a OJbefrOtft GOtubOO [a watfwig eolation 2 <0-l M NaCVO.1 M Trie HCl. pH 
%aV5D ml MgCtfJ. 3.2 ml of a BCIP solution (SO mg S^rornOHl-chlCfO^ino^ phoaphate/000 mi dimethyl 
fonnamide) and 1 ml of an NOT solution (50 mg Nrtro Blue TetrazofiunVi .8 ml 70% methanol) to give nse to 
color development in a dark place of room temperature for 3 houra, 
zs (QRe&utis 

The results are shown in Tapta 2. 

3D (l) tirvnood'^apon of strepxavidin-alftaline phosphatase 

The same c^rtxxIkirtecDmpOvnoVooated PET piece and non-coated PCT piece (blanK) as used m Example 
d were each stained m three dots with a sfrepiovtQin^halrne phosphatase conji^ate sofooon (0.2 M Iris HCj r 0.05% 
Trhon X-10O, a produa of OjONTECH Co ). followed py immooifcEation at room temperature tor 10 minutes. 
(2) Petectfon 

as 

(a) Washing 

Wasn*gwa*(^iK^wim2mlof ^ (0.2MNaCW).1 M Tris HQ, 0.05% Triton X- 

1 00) three times (10 minutes each time}, 
fc) Butter exchange 

40 Washing was conducted with 2 ml of a washing sotuson 2 (0.1 M NaCUOl M The KCt. pH 9.5/50 ml 

MgCId one time. 

(c) Color envelopment 

There were added i ml of a subsvate soJutfon [a washing solution 2 (0.1 M NaCi/O.i M Iris HQ. pH 
9.S50 ml MgrCy], 3.2 |U of a BCIP solution (50 mg 54>rorTX}-4-chforo-3-ini^ pfiosphatafcOO ml cimethyt 
45 fbrtnamioe) and 1 ml Of an NBT sotmion (50 mg P*tro Blue TetrazoEutn/T.8 ml 70% methanol) to grue ri&e to 

color development g\ a danx place of room Temperature for 3 hours. 
(0) Results 

The resUts are shown in Tatfe 2. 

So Example 10 

(1) immobilization of DMA oligomer on glass plate 

Ihecaruo^rndecorripound solution 1,2, 3, 4> 6, 10, 11, l 2 or 13 was coated on a glass plat© in the same 
maimer as in BxamplB 8, and a ON a was inriiouifeed thereon in the same manner as in Example &. 

£S 

(2) Detection 

TheimnTOpili^DNA 
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0) immobilizaJion of ^eptavic*n^JteliriB ptoeptiatase conjugate on glass plate 

Tr»i0%caibdo5rr^cx^^ 4. ft 10, N. i2on3wascoa»d ooaotesspiatBmihe 

same manner as in Example & and streptavjoVealtaUne phosphatase conjugate was mwobifeea thereon in the 
same manner as in Example 9. 
(2) Detection 

The rnmrtfe&d «TBpte«firh«JKaSae pnospris»Be conjugate was detected in me same manner as in Exam 
pi* 9. The r esurts am shown in Table 2. 



p) h mi MJ » ua fen erf DNA oBpomer on copper pteta 
Theiraoarttxliirnto 

u same manner as *t Example 8. and a DNA was irnmobtiized thereon «i me seme manner as in Example 8. 
(2) Detection 

The (rnrnobiHzed DNA was defected in tneeame manner as in Example 8w The reacts are shown in latta 2 



E*iOTPH»i& 

(1) tfrwrrtiaiiWin of etrepwvktovritaiine pooephweo conjugal© on copper pt*t« 

TheiO%cert^rr^c»rTipogr^ 
same manner as in Example 8, and «repwvidin-Q*alne pboepbatase conjugate *as mrx*ifeea tnereon in in* 
same manner as in Example 9. 
2* (2) Detection . c 

Thelnrortfi^strfxaa^^ 
pie 0. The results are shown in Table 2. 

in eac* of Examples 8-13. the lhk*r^ 
0,5- 1 |*m. Also, the surface of the cartx^umide compound film woe measured for infrared et*orp*>a which snowea 
^ 9Q rt»ounikse^eda&&orp^ 
to be a carbodimdB compound. 



35 Af^er paper (Na 42, a product of Whatm^Ca)i^ 

compound solution 1.2, 3, 4,6, 10, n, 12 oris with TWF 20-fokfl for 10 minutes and dried ai 60"C tar 30 minutes a> 
obtain a canxxJhrnlde cx*poiwK*-co«tea t»t«r paper. On tni& paper was immobilaed a DNA in the same manner as in 
Example 3. Then, tne immobilized DNA was detected, in the same manner as in Example 3. The re&ufxs are snown in 
TaWes. 

On me same canxrtirnide compourxKoated filter paper as used * Example 14 was immobilized sveofavxin- 
afcaJine phosphatase conjugate in the same manner as in Example 4. Then, me conjugate was detected in the same 
# manner as in Example 4. The results are shown in Table 2. 



E*anTPteifi 

A rricrofwter (FR Type, pore d»meter - 0.7 jim, a product of Fuji Pnoto Film Ca, Ud.) was immersed fan 0 seconds 
50 in a solution (obtairtfxi by caring me carboownioe compound solution 1, 2, 3, 4. 6. 10, 11, 12 or 13 wim THF 20-fakO. 
and QJied at 60*0 for 30 nanuses to obtain a camocSrrpde pornpouno-coated blotting membrane. This mernbrarte was 
subjected 10 southern hytHxfeaiion according id Molecular Cloning 9.31-9 51 (Molecular Cloning, a laboratory manual 
second edition. Cold Spring Harbor Laboratory Press. 1 989). 
1 M o* W A modular wefQj&mar^ 
ss Co., uo\) was subjected to fraatonatton by 1% agarose gel eiectroprioresis. The resualng frapjnera was capilanHrans- 
ferred onto the aJx*e*bCur»d membrane. Then, 0-5 m of a bicmnylated probe, which was produced from l-DNA (fcac- 
tenopl^ Ad 857 Swn7 NAfc a pfoo^ 

product of STRAWGENE Ca). was hybridised watt above-mentioned fragment of DNA motecuter weight matters, too- 
dental alter me transfer, the UV application, which Is generally conducted id a nftroceRulose membrane or a nyton 
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mambrane, was not conducted id the above mernbrana coated with th6 cartxxiimiae pompound solution, and hybricS- 
Otton was ©fleeted without conducting the UV aff>ftcgwoa Detection imb conducted by me use of Rash (registered 
tiarieir>art4 Deiecikin Sys^ obtained 
by agarose ftfetfroptoree^ 

The same procedures as in Examples 1-iS were repeated axofipt that no can>odtfmide compound was used. The 
results ajo sno»»m in ih» "rwn-w 

pnfT^v^fam^ FTTflim* 17 ("tEg*" Of DfrlA hy eewwantM^al nuafinrft flmrnohgzation of modfteb DMA tw COnVBTtfonal 
chemical boffifirffl using otutaraietehvdel 



upases were BelectfyefyiaKenc^ 

76 lhebe^eswwsynifto&iedaDW 

DNA/RNA Syntfieazer. a product of MU-UPORE Co.). into the second potation from the 3' terminal, of the sequence of 
the synthesized DNA was integrated Dioanyfawd pnospnowiidite (a product of MlLUPOHE Ca) in order to selectively 
bond thereto a an epia* idft-ajHafine ptomtfrnsw conjugate prosm ; and an amino Rnter (a product of M U-UPORE Ca) 
was integrated intolha 5 1 terminal of the DNA. mndentstt/. in the base sequence 2, bkrin pfiosphoramidne was indicated 

so by Band iho amino tirtherwwinqiQartPy HaN-. 

Base sequence 2 

^ HaN^GAG QAT CCC CGG GHA COG AQCTCG AAT TBC y 
<s 0-1 ml of a 2% oMaraJdehvde {electron microscope grade) solution J?% yJutamWehydeyPBS butter solution (pH 

7.4)] was pta(^ in oach of the 5 wejls c4 a polystyr^ 

Plate Type A tor SUMItOist EUSA. a product of Sumitomo Batete Company Umitec^ and allowed to stand at room 
ienvenitur0for2rioure.ttfe^ Imp each of the 5 wells treated with 2% glutar- 

aldehyde was placed 0.1 ml of an amino fimwr-mocfttfO pjotirHabeiBd DNA ofigomer solution (en aqueous solution 
ao cornaintng 1 0 pmoUrnJ of the base sequence 2). and DNA inronobtaapon was conducted at 37°C for 2 hours. Detection 
wa&conduaed in the same manner as in Example i. The results are shown in Table l. 
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AB«dwfrt*nihGre^afTi$te&l art 
biotogteaJly active srtsance aapdy ana *t*cti Is ea&y Id handte, and 9 process tor easily irwncbilirwiQ a biob&cafty 
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active substance using said mater** 



SEQUKHCE LISTING 



(1) GENERAL INFORMATION : 



30 



SO 



40 



50 



APPLICANT: 

(A) NAME; Nisshinbo industries, Inc. 

(B) STREET: 31-11, Nihonbashi Ningyocho 

2-chome, Chuo-fctt 
(C> CITY: Tokyo 103 
(E) COUNTRY: Japan 
(F> POSTAL CODE (ZlP)i . . 

TITLE OF INVENTION: 

Material used for iwniobilissation of 
Biologically Active substance* and 
Method for iwmobiliaatinn of Said 
substance Using Said Material 

NUMBER OF SEQUENCES; 1 

COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER; IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE; PABAT Sequenasmodul , Version 1.0 

CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: EP 95,110838.8 



29 



(2) INFORMATION FOR SEQ ID NO* 1 = 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE; nucleic acid 

(C) STRAND EDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 
GAGGATCCCC GGGTACCGAG CTCGAATTC 
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Ctekns 

grotip<araaininQ polymer oonnpoundsw«T8 dtt,areon 

5 Z. A material sroontng jo Ctaim 1, wfterein tt» cattoouirmle groi^-containing compound te a^apcrtea on the part or 
the wtota area of the matenaj. 

70 in ma farm ct a f flm. 

groups in The motecule. 

T5 5. Anwteto accord toC^mi,^^ 
at least 1,000. 

6, Amafc^accotdirigtDC^ 
1,000-100,000. 

20 7. a material accoii^ to Ctaittl^ 

polymer, a metal, a natural polymer or a oeramc. 

a. A method for immobilization of btoiogicatfy active substance, which comprises contacting a biologically ac^ve aA- 
sfcmce reactive wiih caroocfimkie youp^ with a material used tor immobiBzaoon of sakf subsiance, compnang a 
material wxJ a cartxxfirr^ 

a. A meihe* accords ^ 
acid or the Bee. 

" 10. A method according to Claim 9. wherein the bktfogicatiy acuve si*?st»nce is «n enzyme, a hormone, an antibody, 
anart^ah^ptere.apep^a DMA, an RNA or a syfflheoc PNA. 
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EUROPEAN SEARCH REPORT 



EP 95 11 0838 



DOCUMENTS CONSIDERED TO BE RELEVANT 



W0-A-9L Q2768 (EPIPHARM ALLERGlE-SERVICE 
GESELLSCHAFT M.B-H.) 7 March 1991 

* the whole document w 

US-A-4 289 853 [BAILEY ET AL.J 15 
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